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Plaamids containin g DNA-Seguenoea that cause changes in 
the carbo hydrate cenoentraticn and the carbohydrate 
^oiapoaltien : ^n plants, as veil as plant cells and Plants 
centainin? theae plaamids 

5 

The present invention relates to plasmids containing 
DNA-sequences which contain information that, after 
insertion into a plant genome, cause changes in the 
carbohydrate concentration and the carbohydrate 
10 composition in regenerated plants, as well as plant cells 
and plants containing sequences from these plasmids. 

Because of the continual growth in word population, there 
is a continually growing demand for nutrient and raw 
15 materials. It is the task of biotechnological research to 
achieve a change of the content as well as yield of crops. 
To do this the metabolism of the plants has to be altered. 

A particular Interest is the possibility of using plant 
20 Ingredients as renewable raw material sources e.g. for the 
chemical industry. This is especially of great importance 
for two reasons. Firstly, up to now, mineral oil and coal 
deposits have been the main source of raw materials for 
the petrochemical industry but these deposits are finite 
25 and it can be seen that alternative, renewable raw 
material sources must be developed. 

Secondly, the present situation of agriculture in Europe 
and North America has lead to a sxirplus of crops grown for 
30 their nutritive properties. This causes obvious financial 
and political problems in agriculture. Alternative 
products for which there is a higher quantitative demand 
could be a solution to this problem. 

Renewable raw materials can be divided into fats and oils, 
35 proteins and carbohydrates, such as mono-, di-, oligo- and 
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polysaccaiarides. The most important polysaccharides are 
starch and cellulose. In the EEC, the total starch 
production in 1987-1988 comprised maize (60%) , wheat (19%) 
and potato (21%) . 

5 

For an increasing use of plant starch as an industrial raw 
material the quality of the starch must meet the demands 
of the processing industry. Ia«)ortant considerations 
include the amylose to amylopectin ratio, the chain 
10 length, the branching grade of the amylopectin as well as 
the size of the starch gramules. 

The main biochemical synthetic pathways for the production 
of starch in higher plants are well known. Starch consists 

15 of as^lose and anvlopectin, in which the amyiose consists 
of a linear a-l,4-glucan and amylopectin consists of 
a-l,4-glucans, whicdi are connected to each other via«Ci,6- 
linkages and thus form a branched polyglucan. The so- 
called branching enzyme (Q-enzyme) is responsible for the 

20 introduction of the a-l,6-linkage. One method for the 

production of starch which only has a linear a-l,4-glucan 
structure is therefore by the inhibition of the enzymatic 
activity of the proteins and/or the inhibition of the 
biosynthesis of the branching enzyme. New biotechnology 

25 processes for the genetic alteration of dicotyledonous and 
monocotyledonous plants by transfer and stable 
installation of single isolated genes or groups of g^es 
are known (Gasser and Fraley, science 244, 1293-1299). The 
possibility of specific ej^ression of foreign genes 

30 inserted in the plant by gene technology, primarily in 

potato tubers, is also Icnown (EP 375092 and Rocha-Sosa et 
al., EMBO J. 8.. 23-29 (1589)). 

The present invention provides plasmids containing 
35 DNA-sequences which contain information that, after 
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Inserliion into a plant genome, cause changes in the 
carbohydrate concentration and the carbohydrate 
composition in regenerated plants. 

5 The invention further provides plant cells containing 

sequences from these plasmids which can be regenerated to 
whole plants, as well as plants containing sequences from 
these plasmids. 

10 The term "plant" means a commercially useful plant, 

preferably maize, barley, wheat, rice, peas, soya beans, 
sugar cane, sugar beet, tomato, potato or tobacco. 

Carbohydrates which can be altered by the DNA sequences 
15 are mono-, di-, oligo- or polysaccharides. Starch is an 
example of a polysaccharide which can be modified in 
plants and plant cells. 

With the plasmids of the invention, it is possible to 
20 modify the amy lose to emylopectin ratio of the starch in 
plant cells and in plants. This is possible through the 
presence of a branching enzyme, located on the plasmid, 
which has the following sequence: 

to 20 30 40 50 60 

1 TCA66A6C66TCTT666ATATTTCTTCCACCCCAAAATCAA6A6TTA6AAAAGATGAAA6 
61 6AT6AA6CACA6TTCA6CTATTTCC6CT6TTTT6ACCeAT0ACAATTC6ACAAT6SCACC 
121 CCTA6A6€AA6AT6TCAACACT6AAAATATT6aCCTCCTAAATTT66ATCCAACTTT6GA 
1 6 1 ACCTTATCTA6ATCACTTCAGACACA6AATGAA6A6AT AT6T6GATCA6AAAAT6CTCAT 
241 T6AAAAATAT6AGG6ACCCCTTGAGGAATTT6CTCAA66TTATTTAAAATTT66ATTCAA 
301 CA666AA6AT66TT6CATA6TCTATC6T6AAT6G6CTCCT6CT6CTCA66AA6CA6AAGT 
36 1 TATTG6CGATTTCAAT66TAGGAACGGTTCTAACCACATGAT66AGAAG6ACCAGTTT66 
4 2 1 T6TTT6GAGTATTAGAATTCCT6AT6TT6ACAGTAAGCCAGTCATTCCACACAACTCCAG 

481 AGTTAA6TTTC6TTTCAAACAT66TAATGGAGTGTG6GTAGATCGTATCCCTGCTTG6AT 
941 AAAGTAT6CCACT6CAGACGCCACAAA6TTTGCAGCACCATATGATGGT6TCTACTGGGA 

601 CCCACCACCTTCA6AAAGGTACCACTTCAAATACCCTCGCCCTCCCAAACCCC6AGCCCC 

661 ACGAATCTACGAAGCACATGTCGGCATGAGCA6CTCT6AGCCACGTGTAAATTCGTATC6 

721 TGA6TTT6CAGAT6AT6TTTTACCTC66ATTAAG6CAAATAACTATAATACTGTCCA6TT 
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1381 

1501 



7 8 1 6AT€SCCATAAT66AACATTCTTACTAT66ATCATTT6eATATCAT6TTACAAACTTTTT 
84 1 T6CT6T6A6CAATA6ATAT66AAACCCS6A66ACCTAAAGTATCT6ATA6ATAAA6CACA 
SOI TA6CTT666TTTACAGSTTCTS6T6SAT6TA6TTCACA6TCAT€CAAGCAATAAT«TCAC 
SSI TSATSSCCTCAAT60CTTTCATATTC6CCAA6GTTCTCAA6AATCCTACTTTCAT0CTS6 
1021 A6A6C6A666TACCATAA6TT6t6GGATAGCA66CT6TTCAACTATSCCAATT666A66T 
1081 TCTTC6TTTCCTTCTTTCCAACTTGAGGTG6T66CTASAA6A6TATAACTTT6AC66ATT 
1 U 1 TC6ATTT6AT6GAATAACTTCTATGCT6TAT6TTCATCAT66AATCAATATGS6ATTTAC 
1201 A6GAAACTATAAT6A6TATTTCA6C6A66CTACA6AT6TT6AT6CT6T66TCTATTTAAT 
1261 6TT6CCCAATAATCT6ATTCACAA6ATTTTCCCASAC6CAACTGTTATT6CC6AAGAT6T 
TTCT66TAT6CC6G6CCTTAGCC6GCCT6TTTCT6AG66A66AATTG6TTTT6ATTACC6 
CCT66CAAT66CAATCCCA6ATAAGT66ATA6ATTATTTAAA6AATAA6AAT6AT6AA6A 
TT66TCCAT6AAG6AA6TAACATC6A6TTT6ACAAATA6GA6ATATACA6A6AAGT6TAT 
A6CATAT6C6GA6A6CCAT6ATCA6TCTATT6TC6GT6ACAA6ACCATT6CATTTCTCCT 
1S61 AAT6AACAAA6A6AT6TATTCT6GCATGTCTT6CTTGACA6ATGCTTCTCCT6TT6TT6A 
1521 TGCAG6AATT6C6CTT6ACAAGAT6ATCCATTTTTTTCACAAT66CCTT666A66A6A66 
1881 86TACCTCAATTTCAT66GTAAC6A6TTT6GCCATCCTGA6T66ATT6ACTTCCCTA6TG 
174 1 AGGGCAATAAT766AGTTATGACAAATGTA6ACGCCA6T6GAACCTCGCAGATA6CGAAC 
1801 ACTTGA6ATACAA6TTTAT6AAT6CATTT6ATAGA6CTATGAATTCGCTCGATGAAAA6T 
1 86 1 TCTCATTCCTCGCAfCAGGAAAACAGATAGTAAGCAGCATGGATGATGATAATAAGGTTG . 
1821 TTGTGTTTGAACGTGGTGACCTGGTATTTGTATTCAACTTCCACCCAAATAACACATACG 
1881 AAS66TATAAA6Tr66AT6T6ACTTGCCAGG6AA67ACAGAGT7GCAC766ACA5T6A76 
20(1 CTTGG6AATTT6GTG6CCATG6AAGA6CTG6TCAT6A7GTT6ACCATTTCACATCACCA6 
2101 AA66AA7ACCT6GA677CCA6AAACAAA7TTCAAT6GTCGTCCAAAT7CCT7CAAASTGC 
2181 T6TCTCCTGC6C6AACAT6TGT66CTTATTACAGA67T6ATGAAC6CA76TPATAAACTG 
222 1 AAGATTACCA6ACAGACATTT6TA6T6AGCTACTACCAACA6CCAATATCGAG6AAAGTG 
2281 AC6A6AAACTTAAA6ATTCATCATCTACAAATATCA6TACATCATCTACAAAAAAT6CTT 
2341 ATTACA6AGTT6AT6AAC6CATGTCA6AA6CT6AA6ATTACCA6ACA6ACATTT6TA6T6 
2401 AGCTACTACTACCAACA6CCAATAtC6A66A6A6T6AC6AGAAACT7GAT6ATTCATTAT 
2481 C7ACAAATATCA6TAACATT66TCAGACT6TTGTA6TTTCTGTTGAG6A6A6AGACAA66 
2521 AACTTAAA6ATTCACCA7CT6TAA6CATCATTA6TGAT6CTGT7CCA6CT6AAT6GSCT6 
2581 ATTC6GATGCAAAC6TCT6G6GTGA66ACTA6TCAGATGATTGATC6ATCCTTCTAC67T 
2841 66T6ATCTCG6TCC6T6CATGATGTCTTCA6GGTG6TAGCATT6ACT6ATT6CA7CA7A6 
270 1 TTTTTTTTTTTTTTTTTAA6TATTTCCTCTAT6CATATTATTAGCATCCAATAAATTTAC 
27 6 1 T6GTT6TT6TACATAGAAAAA6TGCATTTGCATGTATGT6TTTCTCTGAAATTTTCCCCA 
2821 OTTTTGGTGCTTTGCCTTTGGAGCCAAGTCTCTATATGTAATAAGAAAACTAAGAACAAT 
2881 CACATATATAAAAT6TTA6TA6ATTACCA . 
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The property of the branching enzyme to modify the 
amylose/amylopectin ratio in starch is not limited to a 
coding sequence exactly as it is shown here but can also 
be represented by slightly different nucleotid sequences. 
5 The property of the branching enzyme is also not changed 
when the plasmids containing the branching enzyme, are 
modified in the plant cell or the plant. 

To be active r the DNA sequence of the branching enzyme is 
10 fused to the regulatory sequences of other genes which 

guarantee a transcription of the DNA (coding) sequence of 
the branching enzyme. The DNA sequence can also be fused 
in an inverted direction to the regulatory sequences of 
other genes, whereby the 3 '-end of the coding sequence is 
15 fused to the 3 * -end of the promoter and the 5 • -end of the 
coding sequence is fused to the 5 "-end of the termination 
signal. In this way an anti-sense RNA of the branching 
enzyme is produced in the plant. The regulatory sequences 
are hereby promoters and termination signals of plant or 
20 viral genes, such as for example the promoter of the 35S 

RNA of the cauliflower mosaic virus or the promoter of the 
class I patatin-gene B 33 and the termination signal of 
the 3 "-end of the octopine synthase gene of the T-DNA of 
the Ti-plasmid pTiACHS. 

25 

Plant cells containing sequences from these plasmids can 
be regenerated in known manner to complete transgenic 
plants. It is possible to insert simultaneously, more than 
one copy of these sequences into a plant cell or plant. 



30 
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The following plasmids were deposited at the Deutsche 
Sammlxing von Mikroorganismen (DSM) in Braunschweig, 
Germany on the 20th August 1990 (deposit number) : 



P35 S-BE (DSH 6143) 

P35 S-anti-BE (DSM 6144) 

P33-BE (DSM 6145) 

P33-anti-BE (DSM 6146) 

10 Descript ion of the Figures 

Figure 1 shows the restriction map of the 13«6 kb plasmid 
P35 S-BE. The plasmid contains the following fragments. 

X5 A « Fragment A (529 bp) contains the 35S promoter of 
the cauliflower mosaic virus (CaMV) • The 
fragment contains the nucleotides 6909-7437 of 
the cauliflower mosaic virus. 

20 B s Fragment B (2909 bp) contains the DNA fragment 
which codes for the bremching enzyme. 



5 Plasmid 
Plasmid 
Plasmid 
Plasmid 



C = Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
25 Ti-plasmid pTiACH5 from the nucleotide 11749 to 

11939. 

Also shown are the cleavage sites described in Example 1. 

30 Figxire 2 shows the restriction map of the 13.6 kb plasmid 
P35 S-anti-BE. The plasmid contains the following 
fragments: 

A = Fragment A (529 bp) contains the 35S promoter of 
35 • the cauliflower mosaic virus (CaMV) . The 
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fragment contains the nucleotides 6909 to 7437 
of the CaMV. 

Fragment B (2909 bp) contains the DNA fragment 
which codes for the branching enzyme. 

Fragment C (192 bp) contains the polyadenylation 
signal of gene 3 of the T-DNA of the Ti-plasmid 
pTiACHS. The fragment contains the nucleotides 
11749-11939. 

Also shown are the cleavage sites described in Example 2 . 

Figure 3 shows the restriction map of the 14.6 kb plasmid 
15 P33-BE. The plasmid contains the following fragments. 

Fragment A (1526 bp) contains the Dral-Dral- 
f ragment of the promoter region of the patatin- 
gene B33. The fragment contains the nucleotide 
positions -1512 to +14. 

Fragment B (2909 bp) contains the DNA fragment 
which codes for the branching enzyme. 

Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
Ti-plasmid pTiACH5 . The fragment contains the 
nucleotide positions 11749-11939. 

30 Also shown are the cleavage sites described in Example 3 . 

Figure 4 shows the restriction map of the 14.6 plasmid 
P33-anti-B£. Plasmid contains the following fragments: 

35 A = Fragment A (1526 bp) contains the Dral-Dral 



B 



10 



20 

B 

25 C 
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fragment of the promoter region of the patatin 
gene B 33. The fragment contains the nucleotide 
position -1512 to +14. 

5 B = Fragment B (2909 bp) contains the cDNA-fragment 
which codes for the branching enzyme. 

C = Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
10 Ti^plasmid pTiACHS. The fragment contains the 

nucleotides 11749-11939. 

Also shown sure the cleavage sites described in Example 4. 

15 In order to understand the examples forming the basis of 

this invention all the processes necessary for these tests 
and which are known per se will first of all be listed: 

1. qipiijtnq pypg^ss 

20 The vectors pUC18/19 and pUCllS, and the H13mpl0 

series (Yanisch-Perron et al. , Gene (1985), 33, 103- 
119) were used for cloning. 

For plant tremsf ormation, the gene constructions were 
25 cloned into the binary vector BXN19 (Bevan, Nucl. 

Acids Res. (1984), 12, 8711-8720). 

2. Bacterial strains 

The coli strain BMH71-18 (Messing et al. , Proc. 
30 Natl. Acad. Sci. USA (1977), 24, 6342-6346) or TBI 

was used for the pUC and H13 mP vectors. 

For the vector BIN19 exclusively the coli strain 
TBI was tised. TBI is a recombinant-negative, 
35 tetracycline-resistant derivative of strain JMlOl 



wo 92/14827 



PCr/EP92/00302 



(Yanisch-Perron St al. / Gene (1985), 33, 103-119). 
The genotype of the TBI strain is (Bart Barrel, 
personal communication) : F» (traD36, proAB, lad, 
lacZAMlS), A (lac, pro), SupE, this, recA, 
5 Srl::TnlO(TcR). 

The transformation of the plasmids into the potato 
plants was carried out by means of the Aarobacterium 
tumefaciens strain LBA4404 (Bevan, M. , Nucl. Acids 
10 Res. IZ, 8711-8721, (1984) ; BIN19 derivative). 

3. Transform ation of Aarobacterium tumefaciens 

In the case of BIN19 derivatives, the insertion of 
the DNA into the agrobacteria was effected by direct 

15 transformation in accordance with the method 

developed by Holsters fit fil. , (Mol. Gen. Genet. 
(1978), 163, 181-187). The plasmid DNA of transformed 
agrobacteria was isolated in accordance with the 
method developed by Bimboiin and Doly (Nucl. Acids 

20 Res. (1979), 7, 1513-1523) and was sepeurated by gel 

electrophoresis after suitable restriction cleavage. 

4. Plant tra nsformation 

10 small leaves , woxanded with a scalpel, of a sterile 
25 potato culture were placed in 10 ml of MS medium with 

2 % sucrose containing from 30 to 50 fil of an 
Aorobaetertum tyff^f^cirfflg overnight culture grown 
under selection. After from 3 to 5 minutes gentle 
shaking, the Petri dishes were incubated in the dark 
30 at 25^C. After 2 days, the leaves were laid out on MS 

medium with 1.6 % glucose, 2 mg/1 of zeatin ribose, 
0.02 mg/1 of naphthy lace tic acid, 0,02 mg/1 of 
gibberellic acid, 500 mg/1 of claforan, 50 mg/1 of 
kanamycin and 0.8 % Bacto agar. After incubation for 
35 one week at 25''C and 3000 lux, the claforan 
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10 

concentration in the mediim was reduced by half . 
The regeneration and cultivation of the plants were 
carried out according to known processes (Rocha-Sosa 
et al EMBO Journal 23-29 (1989) . 

5, Analysis of genomic DNA fr om transgenic potato Plants 
The isolation of genomic plant DNA was effected in 
accordance with Rogers and Bendich (Plant Mol. Biol. 
(1985) , 5, 69-76. 

For the DNA analysis, after suitable restriction 
cleavage, 10 to 20 ^9 of DNA were analysed by means 
of southern blots for the integration of the DNA 
sequences to be investigated. 



15 



6. Analysis o f^ i^he total RNA from transgenic potato 
plants 

The isolation of plant total RNA was carrx&d out in 
accordance with I*ogemann et al. (Analytical Biochem. 
20 (1987), 163, 16-20). . 

For the analysis, 50 fig portions of total RNA were 
investigated by means of Northern blots for the 
presence of the transcripts sought. 

25 

7. Protein extraction 

For the extraction of total protein from plant 
tissue, pieces of tissue were homogenised in protein 
extraction buffer (25 inM sodium phosphate pH 7.0, 
30 2 niM sodium hydrogen sulphite) , with the addition of 

0.1 % (w/v) of insoluble polyvinylpyrrolidone (PVP) . 

After filtration through cellulose, cell detritus was 
centrifuged off for 20 minutes at 10,000 revolutions 
35 per minute and the protein concentration of the 
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supernatant was determined in accordance with the 
method developed by Bradford (Anal. Biochem. (1976)/ 

2Z, 248-254) . 



5 8« pftfeeetlen of foreign proteins bv means of . 
imiBunQloa jcal processes (Western blot) 
The protein extracts were separated according to 
molecular weight by means of gel electrophoresis in 
SDS-PAGE (sodium dodecylsulphate polyacrylamide) 

10 gels. After SDS-PAGE the protein gels were 

equilibrated for from 15 to 30 minutes in transfer 
buffer for graphite electrodes (48 g/1 of tris, 39 
g/1 of glycine, 0.0375 % SDS, 20 % methanol) and then 
transferred in a cooling chamber to a nitrocellulose 

15 filter and separated at 1.3 mA/cm^ for from 1 to 2 

hours. The filter was saturated for 30 minutes with 3 
% gelatin in TBS buffer (20 mM tris/HCl pH 7.5, 500 

NaCl) , and the filter was then incubated for 2 
hours with the appropriate antisertan in a suitable 

20 dilution (1:1000 -? 10000 in TBS buffer) at room 

temperature. The filter was then washed for 
15 minutes each with TBS, TTBS (TBS buffer with 0.1% 
polyoxyethylene-(20) -sorbitan monolaurate) and TBS 
buffer. After being washed, the filter was incubated 

25 for 1 hour at room temperature with alkaline 

phosphatase-conjugated goat-ahti-rabbit (GAK) 
antibodies (1:7500 in TBS). The filter was then 
washed as described above and equilibrated in AP 
buffer (100 mM tris/HCl pH 9.5, 100 mM NaCl, 5 mM 

30 MgCl2) . The alkaline phosphatase reaction was started 

by means of the substrate addition of 70 /xl of 
4-nitrotetra2olium (NBT) solution (50 mg/ml of NBT in 
70 % dimethyl-fosnaamide) and 35 ^1 of 5-bromo- 
4-chloro-3-*indolyl phosphate (BCIP) (50 mg/ml BCIP in 

35 dimethylformamide) in 50 ml of AP buffer. As a rule 



wo 92/14827 



PCr/EP92/00302 



12 

the first signals were observed after 5 minutes . 

9. petermination of the amv lose/amvlopectin ratio in 
ff^^yeh of trans genic potato plants p 
5 Leaf pieces/ having a diameter of 10 mm were floated 

in 6% sucrose solution under continuous light for 14 
hours. This light incubation induced a strong 
increased starch formation in the leaf pieces. After 
incubation, the amylose and amylopectin concentration 
xo was determined according to Hovenkamp-Hermelink et al 

(Potato Research 31, 241-246 (1988) • 

The following examples illustrate the preparation of the 
plasmids according to the invention, the insertion of 
15 sequences from those plasmids into the plant cell as well 
regeneration of transgenic plants and the analysis of 
those transgenic plants. 

EX^Japle X 

20 Preparation of the plasmid P35s-Be and insertion of the 
plasmid into the plant genome of the potato. 

From a cDNA libraury in the expression vectorrigtll , 
different clones were identified that cross-react with em 

25 antibody that is directed against the branching enzyme of 
potatoes. These clones were used to identify complete 
clones from a cDNA library in the Hindll-pbsition the 
vector pUC 19 that originate from isolated mRNA of growing 
potato tubers* One clone isolated in this manner had an 

30 insert size of 2909 bp of the sequence! 
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10 20 30 *0 50 80 

1 TCA66A6C66TCTT666ATATT7CTTCCACCCCAAAATCAA6A6TTA6AAAA6AT6AAA6 

61 eAt6AA6CACA6TTCA6CTATTTCCeCT6TTTT6ACC6ATeACAATTC6ACAAT66CACC 

1 2 1 CCTA6A66AA6AT6TCAACACT6AAAATATTS6CCTCCTAAATTT66ATCCAACTTT66A 

1 8 1 ACCTTATCTA6ATCACTTCA6ACACA«AAT«AA«A«ATATST66ATCA6AAAAT6CTCAT 

241 T6AAAAATAT6A66SACCCCTT6A66AATTT«CTCAA6«TTATTTAAAATTT66ATTCAA 

3 0 1 CA66SAA6AT6«TT6CATA6TCTATC6T6AAT666CTCCT6CT6CTCAeSAA6CA6AAGt 

3fi1 TATT66C6ATTTCAAT«6TAG«AAC6fiTTCTAACCACAT6AT6GA6AA66ACCA6TTT66 

*2i TSTTTS6A8TATTA6AArrCCTCA76TTSACA6TAA6CCAGTCATTCCACACAACTCCA6 

lit A6TTAA6TTTC6TTTCAAACAT6GTAAT66A6T6T6G6TAGATC6TATCCCT6CTT6GAT 

5*1 AAAGTATGCCACT6CA6ACGCCACAAA6TTT6CA6CACCATATSAT66T6TCTACTG6GA 

601 cCCACCACCTTCAGAAAGGTACCXCTTCAAATACCCTCGCCCtCCCAAACCCCGAGCCCC 

661 AC6AATCTACGAAGCACATGTCG6CAT6A6CA6CTCTGAGCCAC6T6TAAATTCGTATC6 

721 T6A6TTT«CA«AT6AT6TTTTACCTCi66ATTAAG6CAAATAACTATAATACTGTCCAGTT 

761 6ATG6CCATAAT66AACATTCTTACTATGGATCATTTG6ATATCAT6T7ACAAACTTTTT 

6*1 TGCTGT6AGCAATA6ATATGGAAACCC66A66ACCTAAA6TATCTGATAGATAAAGCACA 

SOI TAGCTT666TTTACAGGTTCT6GT66AT6TAGTTCACA6TCAT6CAASCAATAAT6TCAC 

9S1 T6AT66CCTCAATG6CTTT6ATATTG6CCAA6GTTCTCAAGAATCCTACTTTCAT6CT66 

1021 A6AGC6A66GTACCATAA6TTGTG6GATA6CAGGCT6TTCAACTAT6CCAATTG66A66T 

1081 TCTTC6TTTCCTTCTTTCCAACTT6A66T66TG6CTAGAAGAGTATAACTTTGACGGATT 

1 U 1 TC6ATTTGAT6GAATAACTTCTATGCT6TATGTTCATCATG6AATCAATAT6G6ATTTAC 

1201 AG6AAACTATAATGA6TATTTCA6C6A66CTACAGAT6TTGATGCTGTGGTCTATTTAAT 

1281 STTGGCCAATAATCTGATTCACAA6ATTTTCCCAGACGCAACT6TTATTGCC6AA6ATGT 

1321 TTCTGGTATGCC6G6CCTTA6CC66CCTGTTTCTGAG66A66AATTGGTTTTGATTACC6 

1381 CCTG6CAAT66CAATCCCA6ATAA6T6GATAGATTATTTAAA6AATAASAAT6AT6AA6A 

1 «4 1 TT66TCCAT6AA66AA6TAACATC6A6TTT6ACAAATA66A6ATATACA6AGAAST6TAT 

1S01 A6CATAT6CGGAGAGCCAT6ATCAGTCTATT6TC66T6ACAAGACCATT6CATTTCTCCT 

1561 AAT6AACAAA6A6ATGTATTCTG6CAT6TCTTGCTTGACAGATGCTTCTCCTGTTGTT6A 

1621 TGCAGSAATTGC6CTT6ACAA6ATCATCCATTTTTTTCACAAT6GCCTT66GAG6A6A66 

1681 S6TACCTCAATTTCAT6GGTAAC6AGTTT6GCCATCCT6AGTGGATTGACTTCCCTA6T6 

17*1 A6GGCAATAATTGGAGTTAT6ACAAAT6TA6AC6CCA6TG6AACCTCGCAGATASC6AAC 

1801 ACTTGAGATACAAGTTTATGAATGCATTTGATAGASCTATGAATTCGCTCSATGAAAAST 

1861 TCTCATTCCTCGCATCA66AAAACAGATAGTAA6CA6CAT66AT6ATGATAATAA66TT6 

1921 TT6T6TTT6AACGTGGTGACCT6GTATTTGTATTCAACTTCCACCCAAATAACACATACG 
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,0 20 30 *0 50 60 

1981 AA666TATAAA6TT66AT6T6ACTT6CCA6S6AA6TACASAfiTT6CACT6€ACA6T6AT6 

20«1 cTT€66AATTT66T66CCAT66AA6A6CT6STCATeAT6TTSACCATTTCACATCACCA6 

2101 AA66AATACCfe6AeTTCCA6AAACAAATTTCAAT66TC6TCCAAATTCCTTCAAAST6C 

2181 T6TCTCCTSC6CeAACAT6TST6SCTTATTACA6A6TT6AT6AAC6CAT6TCATAAACT€ 

2221 AAeATTACCA6ACA6ACATTT6TA6TSA8CTACTACCAACASCCAATATC6A66AAA6T6 

2201 AC6ASAAACTTAAAGATTCATCATCTACAAATATCA6TACATCATCTACAAAAAAT6CTT 

234 1 ATTACA6ASTT6AT8AACSCAT6TCA6AA6CT6AA6ATTACCA6ACA6ACATTT6TAST6 

2401 A6CTACTACTACCAACA6CCAATATC6A66A6AGTSAC6ASAAACTTGAT6ATTCATTAT 

2*$r CTACAAATATCA6TAACATT66TCAGACT6TT6TA6TTTCT6TT6A66A6ASA6ACAA66 

2521 AACTTAAAGATTCACCATCT6TAA6CATCATTA6T6AT6CTGTTCCA6CT6AAT666CT6 

25S 1 ATTCG6ATGCAAAC6TCT666GT6A66ACTAGTCAGAT6ATT6ATC6ATCCTTCTAC6TT 

26*1 667GATCTC6GTCC6T6CAT6ATSTCTTCA666T6GTAGCATT6ACTGATT6CATCATA6 

270 1 TTTTTTTTTTTTTTTTTAA6TATTTCCTCTAT6CATATTATTA6CATCCAATAAATTTAC 

276 1 T66TT6TTCTACATA6AAAAA6T6CATTT6CAT6TAT6T6TTTCTCT6AAATTTTCCCCA 

282 1 6TTTT66T6CTTT6CCTTT6GA6CCAAeTCTCTATA7eTAATAA6AAAACTAA6AACAAT 

2881 CACATATATAAAAT6TTAGTA6ATTACCA . 
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The 2909 bp long c-DNA contained in this clone was used 
for the next examples and is called cBE. 

5 For the preparation of a plasnid p35s-BE, this cDNA was 
provided with the promoter of the 35s-RNA of the 
cauliflower mosaic virus as well as the polyadenylation 
signal of the octopine synthase gene of the Ti-plasmid 
pTiACHS . For this the orientation of the C-DNA coding for 
10 the branching enzyme was chosen in such a way that the 
coding strain will be readable (sense-orientation) • The 
plasmid p35s-B£ has a size of 13*6 kb and comprises the 
three fragments A, B and C which were cloned into the 
cleavage sites of the poly linker of BXN19. 

15 

Fragment A (529 bp) contains the 35s promoter of the 
cauliflower mosaic virus (CaMV) • The fragment contains the 
nucleotides 6909 to 7437 of the CaMV (Franck et alv. Cell 
21 r 285-294}. It was isolated as EcoRI-KpnI-f ragment from 
20 the plasmid pDH51 (Pietrzak et al. Nucleic Acids Research 
14, 5857-5868) and was cloned between the EcoRI-KpnI- 
cleavage position of the polylinker of the plasmid BIN 19. 

Fragment B contains a 2909 bp cDNA fragment cBe which 
25 codes for the branching enzyme. It was cut out as Hindlll- 
Smal-fragment of the vector pUC 19 and was cloned into the 
Smal-position of the polylinker of BIN 19 after f illing-in 
of the Hind'III-position with DNA polymerase. For this the 
orientation of the cDNA was chosen in such a way that the 
30 coding strand is readable and a sense-RNA is formed. The 

cleavage sites BamHI/Xbal and Pstl/SphI originate from the 
polylinker of pUC 19. The cleavage sites BamHI/Xbal/ 
Sall/PstI originate from the polylinker of BIN 19. The two 
EcoRI cleavage sites located on the fragment B are 
35 internal cleavage sites of the fragment. 
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Fragment C (192 bp) contains the polyadenylation signal of 
the gene 3 of the T-DNA of the Ti-plasmid pTiACHS (Gielen 
et al EMBO J. 3, 835,846), nucleotides 11749-11939, which 
are isolated as PvuII-Hindlll fragment from the plasmid 
5 pAGV 40 (Herrera-Estrella et al (1983) Nature 303, 209- 
213) and were then cloned onto the Pvull cleavage site 
between the Sphl-Hind-III cleavage site of the polylinker 
of BIN 19, after addition of SphI linkers (see Fig 1). 

10 The plasmid p35s-BE was transferred into potatoes with the 
help of the agrobacterial system. After this whole plants 
were regenerated. Protein extracts isolated from tubers of 
these plants were tested for the existence of the 
branching enzyme using the western blot analysis. Further, 

15 tubers of these plants were tested for the content of 
eunylose emd amylopectin. 

T.^>.»aT-ation of the p i^sTnid p35s-anti-BE and introduction 
20 ^f -hhe Pla smid the plant oenmne of potatQ. 

In a similar manner to that described in Example i, the 
plasmid p35s-anti-BE was prepared^ but the orientation of 
the designated cDNA of the branching enzyme was inverted 
25 relative to the 35 S promoter. The plasmid p35s-anti-BE 

has a size of 13.6 kb and comprises the three fragments A, 
B and C which were cloned in the cleavage sites of the 
polylinker of BIN19. 

30 Fragment A (529 bp) contains the 35s promoter of the 

cauliflower mosaic virus (CaMV) . The fragment contains the 
nucleotides 6909 to 7437 of the CaMV (Franck et al. Cell 
21, 285-294) , aoid was isolated as EcoRI-KpnI-fragment from 
the plasmid pDH51 (Pietrzak et al Nucleic Acids Research 

35 14, 5857-5868) and cloned between the EcoRI-KpnI-cleavage 
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site of the polyllnker of the plasmld BIN 19. 

Fragment 6 contains the 2909 bp cDNA fragment cBE which 
codes for the branching enzyme. It was cut from the 
5 Hindlll-Smal-f ragment of the vector pUC 19 and cloned in 
the Smal-position of the poly linker BIN 19 after filling 
in of the Hindlll-position with DNA polymerase. The 
orientation was chosen in such a way that the non-coding 
strand is readable and an anti-sense-RNA is formed. The 
10 cleavage sites SphI, PstI and Xbal, BamHI, Smal originate 
from the polylinker pUC 19. The cutting positions 
BamHI/Xbal/Sall/PstI originate from the polylinker of BIN 
19. The two EcoRI cleavage sides contained on the fragment 
B are internal cleavage sides of this fragment. 

15 

Fragment C (192 bp) contains the polyadenylation signal of 
gene 3 of the T-DNA of the Tl-plasmid pTiACHS (Gielen et 
al EMBO J 3, 835-846), nucleotides 11749-11939, which were 
isolated as PvuII-Hindlll-fragment from the plasmid pAGV 
20 40 (Herrera-Estrella et al (1983), and which were cloned 
between the Sphl-Hindlll-cleavage position of the 
polylinker of BIN 19 after addition of Sph-I-linkers to 
the Pvu-II-cleavage position (see Fig 2) . 

25 The plasmid p35s-anti-BE was transferred into potatoes 
using the agrobacterial system. After this whole plants 
were regenerated. 

Protein extracts, which had been isolated from txibers of 
30 these plants, were tested for the existence of the 

branching enzyme using the western blot analysis. Tubers 
of these plants were also tested for the content of 
amy lose and amylopectin. 

35 
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py^pairafcion nf i:he pla stnid P33-BE and inliroduction of the 
plasmid ip i^e the planl^ qenotte of the potato. 

5 In a similar manner to that described in Example 1, the 
plasmid p33-BE was prepared, but replacing the 35s 
promoter with the promoter of the class I patatin-gene B33 
(Rocha-Sosa'et al EMBO J 8 23-29). The plasmid p33-Be has 
a size of 14*6 kb and consists of the three fragments A, B 
10 and C that were cloned into the cleavage position of the 
polylinker of BIN 19. 

Fragment A contains the Dral-Dral-fragment (position -1512 
to position +14) of the promoter region of the patatin- 

15 gene B33 (Rocha-Sbsa et al EHBQ J 8. 23-29) , which was 
first of all cloned into the Sacl-position of the 
polylinker of pUC 18. For this the overhanging 3 • - end of 
the Sac-I-cleavage site had been rendered blunt by T4-DNA 
polymerase. After this the EcoRI-BamHI-fragment was 

20 inserted between the EcoRI-BamHI-position of the 
polylinker of BIN 19. 

Fragment B contains the 2909 bp cDNA fragment cBE which 
codes for the branching enzyme. It was cut out as Hindlll- 

25 Smal-f ragment from the vector pUC 19 and was cloned into 
the Smal-position of the polylinker of BIN 19 after the 
Hindlll-position was filled in with DNA polymerase. For 
this the orientation of the cDNA was chosen in such a way 
that the coding strand was readable and a sense-RNA was 

30 formed. The cleavage sites BamHI/Xbal and Pstl/SphI 
originate from the polylinker of pUC 19. The cutting 
positions BamHI/Xbal/Sall/PstI originate from the 
polylinker of BIN 19. The two EcoRI -cleavage sites 
contained on the fragment B are internal cleavage sites of 

35 this fragment. 
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Fragment C (192 bp) contains the polyadenylation signal of 
gene 3 of the T-DNA of the Ti-plasmid PtiACHS (Gielen et 
al EHBO J 3, 835-846, Nucleotide 11749*11939), which was 
isolated as Pvu-II-Hindlll-fragment from the plasmid pAGV 
5 40 (Herrera-Estrella. et al (1983) Nature 303, 209-213) and 
which was cloned between the sphl-Hindlll-cleavage site of 
the polylinker of BIN 19 after addition of Sphl-linkers to 
the PvuII-cleavage site. 

10 The plasmid p3 3 -BE was transferred into Acrrobacterium 
ipyTnef^eiens and used for the transformation of potato 
plants. 

Example 4 

15 Preparat ion of the plasmid p33-anti-BE and introduction of 
plasmid int o tAe plant aenoine of potato. 

In a similar manner to that described in Example 2, 
plasmid p33-anti**BE was prepared but replacing the 
20 35S-promoter with the promoter of the class I patatin^gehe 
B33 (Rocha-Sosa et al EMBO J 8, 23-29). The plasmid 
p33-anti-Be has a size of 14.6 kb and consists of three 
fragments A, B and C which were cloned into the cleavage 
sites of the polylinker of BIN 19. 

25 

Fragment A contains the Dral-Dral-fragment (position -1512 
to position +14) of the promoter region of the patatin- 
gene B33 (Rocha-Sosa et al EMBO J 8, 23-29) which was 
firstly cloned into the Sacl-position of the polylinker of 
30 pUC 18. The overhanging 3 '-ends of the Sacl-cleavage site 
were rendered blunt by T4-DNA polymerase. After this the 
fragment was inserted as EcoRI-BamHI -fragment between the 
EcoRI-BamHI-position of the polylinker of BIN 19. 

35 Fragment B contains the 2909 bp cDNA fragment cBE which 
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codes for the branching enzyme. It was cut out as Hindi II- 
Smal-fragment from the vector pUC 18 and after filling in 
the Hindlll-position with the DNA polymerase, it was 
cloned iJito the Smal-position of the polylinker of BIN 19 . 
5 For this the orientation of the cDNA was chosen in such a 
manner that the non-coding strand was readable and anti- 
sense-RNA could be formed. The cutting positions SphI, 
PstI and Xbal, BamHI, Smal originate from the polylinker 
of pUC 19. The cutting positions BamHI/ Xbal/Sall/PstI 
10 originate from the polylinker of BIN 19. The two EcoRI 
cleavage sites which aure located on the fragment B are 
internal cleavage sites of the fragment. 

Fragment C (192 bp) contains the polyadenylation signal of 
15 the gene 3 of the T-DNA of the Ti-plasmid pTiACHS (Gielen 
et al EMBO J 3, 835-846) , Nucleotides 11749-11939), which 
had been isolated as PvuII-Hindlll-fraglnent from the 
plasmid pAGV 40 (Herrera-Estrella et al (1983) , Nature 
303, 209-213) and which was cloned between the Sphl- 
20 Hindlll-cleavage site of the polylinker of BIN 19 after 
addition of Sphl-linkers to the PvuII cleavage sites. 

The plasmid p33-anti-BE was introduced in Agr obacter jura 
tiumef aciens and was used for the transformation of potato 
25 plants. 

The nucleotides 166-2909 of the 2909 bp cDNA sequence 
described in Example 1, that codes for the branching 

30 enzyme in the Hindll-cleavage site of the cloning vector 

pUC 19 were inserted into the corresponding cleavage sites 
of the polylinker of the cloning vector pUC 18. This makes 
possible a fusion of the N-end of the a-peptide of the 
B-galactosidase located on the vector with a part of the 

35 branching enzyme. The functionality of the resulting 
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fusion protein was tested In a mutant of Escherichia 
(KV 832} which is deficient in the branching enzyme (Kiel 
et al Gene 78, 9 * 17) . Cells transformed with this 
construction were plated out on YT-agar plates containing 
5 0.5% glucose. The resulting colonies were stained with 

Lugolscher solution. The transformed plant cells showed a 
yellow-red colotir in contrast to the blue coloured 
un-transformed plant cells which indicates the branching 
activity of the fusion protein (Kiel et al Gene 2fi., 9-17). 
10 An over-production of this protein in Escherichia coli 
enables the use as technical enzyme • 
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Claims 

1. A plasmid that contains a DNA sequence that contains 
information that causes cheuiges in the carbohydrate 
concentration and the carbohydrate composition in 

5 regenerated plants, after insertion into the plant 

genome. 

2. A plasmid according to Claim 1 cheuracterised in that 
the DNA sequence is the coding sequence of a 

10 brancdiing enzyme. 

3. A plasmid according to Claim 2 characterised in that 
the branching enzyme is an enzyme having the 
following sequence: 



15 



10 20 



30 40 50 60 



2«1 
301 



1 TCA66A6CeCTCTT«6SATATTTCTTCCACCCCAAAATCAA6A6TTA5AAAA6AT«AAA6 

SI 6AT6AA6CACASTTCAeCTATT7CC6CT6TTTTSACC6ATSACAATTC6ACAAT66CACC 

121 CCTA6A6«AA6AT6TCAACACT6AAAATATT66CCTCCTAAATTT66ATCCAACTTT66A 

1 8 1 ACCTTATCTAGATCACTTCA6ACACA6AAT6AAeA6ATATGTe6ATCA6AAAATCCTCAT 
T6AAAAATAT6A€66ACCCCTT6A6SAATTTeCTCAA6€TTATTTAAAATTTSSATTCAA 
CA6e6AA6ATe6TT6CATA6TCTATC6T6AAT6«6CTCCT6CT6CTCA66AA6CA6AA6T 

3fi 1 TATTC6CSATTTCAAT66TA66AAC66TTCTAACCACAT6AT66AGAA6€ACCASTTTG6 

S41 AAA6TATGCCACT6CACACSCCACAAA6TTTGCAGCACCATAT6AT66T6TCTACT6G6A 

SOI cccaccaccttcagaaa'ggtaccacttcaaataccctcgccctcccaaaccccgagcccc 

G61 AC6AATCTAC6AA6CACATGTC6GCATGAGCA6CTCT6AGCCACGT6TAAATTC6TATCG 

721 T6AG777GCA6A7GA767777ACC7C66A77AAG6CAAATAAC7ATAA7AC767CCA677 

7f1 CAT6GCCA7AA766AACA7TC77AC7A766A7CAT7T66ATA7CAT6T7ACAAAC777T7 

8« 1 T6CT676AGCAA7A6A7ATS6AAACCC6GA66ACCTAAA6TA7CT6ATA6A7AAA6CACA 

901 TA6CT7666T7TACA6S77CTG6T66A7GTA6TTCACA6TCA76CAA6CAA7AATG7CAC 

961 T6A7G6CCTCAA76SCT7T6A7AT766CCAA66TTC7CAA6AATCC7ACT77CAT6C7GG 

1021 A6AGC6A6667ACCA7AA6TT6766GATA6CA66C76T7CAACTAT6CCAA77G6GA667 
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1081 TCTTC6TTTCCTTCTTTCCAACTT6AS6T«GT6SCTA6AA6A6TATAACTTT«ACe6ATT 

1U1 TC8ATTT6ATS6AATAACTTCTAT«CT6TAT6TTCATCATS6AATCAATAT666ATTTAC 

1201 AG6AAACTATAATCA6TATTTCASC6A66CTACA6AT6TTGATGCT6T66TCTATTTAAT 

1261 6TT66CCAATAATCTGATTCACAA6ATTTTCCCA6ACGCAACT6TTATT6CC8AA6AT6T 

1321 TTCT66TATGCCGG6CCTTAGCCG6CCTGTTTCT6AG6SA66AATT66TTTTGATTACC6 

1381 CCT66CAAT66CAATCCCA6ATAA6T66ATAGATTATTTAAA6AATAAGAAT6AT6AA6A 

1 U 1 TTGSTCCAT6AA66AA6TAACATC6A6TTT6ACAAATA€GAeATATACA6A6AA6T6TAT 

1501 A6CATAT6CC6A6AGCCAT6ATCA6TC7ATTGTCG6TCACAA6ACCATT6CATTTCTCCT 

1561 AAT6AACAAA6A6AT6TATTCTS6CAT6TCTTCCTTGACA6AT6CTTCTCCT6TT6TTGA 

1621 T6CA66AATTCC«CTr«ACAAGATSATCCATTTTTTTCACAAT66CCTT666A66A6A66 

1681 6fiTACCTCAATTTCAT6G6TAACGA6T7T66CCATCCT6A6TG6ATTGACTTCCCTA6T6 

1741 A66GCAATAATT66AGTTATGACAAAT6TA6ACGCCA6TG6AACCTCGCA6ATA6C6AAC 

1801 ACTTGAGATACAAGTTTATGAATGCATTTGATAGAGCTATGf ATTCGCTC6AT6AAAA6T 

1 86 1 TCTCATTCCTC6CATCA66AAAACA6ATA6TAA6CA6CAT66AT6AT6ATAATAA66TT6 

1921 TTGTGTTTGAACGTGGTGACCTGGTATTTGTATTCAACTTCCACCCAAATAACACATACG 

1981 AAGG6TATAAA6TT«€AT6TeACTT6CCA66GAA«TACA6A6TT6CACT66ACA6TGAT6 

2041 CTT6GGAATTt66T«GCCAT6SAA6A6CT6GTCAT6AT6TT6ACCATTTCACATCACCAG 

21 0 1 AAGGAATACCfSGAGTTCCAGAAACAAATTTCAATGGTCSTCCAAATTCCTTCAAAGtGC 

2161 TGTCTCCT6CSCGAACAT6T6T66CTTATTACA6A6TTGAT6AAC6CAT6TCATAAACTS 

2221 AA6ATTACCA6ACAGACATTT6TA6T6AGCTACTACCAACA6CCAATATCSAS6AAA6T6 

2281 AC6A6AAACTTAAA6ATTCATCATCTACAAATATCA6TACATCATCTACAAAAAAT6CTT 

2341 ATTACA6AGTT6ATGAAC6CAT6TCA6AA6CTGAA6ATTACCA6ACA6ACATTT6TAGT6 

2401 AGCTACTACTACCAACAGCCAATATCSAS6A6AGT6AC6A6AAACTTGAT6ATTCATTAT 

2461 CTACAAATATCA«TAACATT««tCA6ACT6TTSTASTTTCTSTT6A66A6A6AGACAA66 

2521 AACTTAAAGATTCACCATCTGTAAeCATCATTAGTCATGCTSTTCCAGCTGAATGGGCTG 

2581 ATTC6GATGCAAAC6TCTGG66T6AGGACTAGTCA6ATGATT6ATCGATCCTTCTAC6TT 

2641 G6TGATCTC6GTCC6T6CAT6AT6TCTTCA666T6GTAGCATTGACT6ATT6CATCATA6 

2701 TTTTTTTTTTTTTTTTTAAGTATTTCCTCTAT6CATATTATTAGCATCCAATAAATTTAC 

2761 T66TTGTTGTACATAGAAAAAGT6CATT76CATGTAT6T6TTTCTCT6AAATTTTCCCCA 

2821 6TTTT6GTGCTTT6CCTTTG6A6CCAA6TCTCTATAT6TAATAA6AAAACTAAGAACAAT 

2881 CACATATATAAAAT6TTA6TA6ATTACCA . 
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4. A plasmid according to any one of -the preceding 

claims, characterised in that the carbohydrates are 
mono-/ di-/ oligo- or polysaccharides. 

5 5. A plasmid according to Claim 4 chearacterised in that 
the polysaccharide is starch. 

6. A plasmid according to Claim 3 characterised in that 
the branching enzyme alters the amylose/amylopectin 

20 ratio of the steurch in plant cells and in plants. 

7. A plasmid according to Claims 2 or 3 characterised in 
that the DNA sequence of the branching enzyme is 
fused to the regulatory sequences of other genes that 

X5 ensures a transcription of the branching enzyme 

coding DKA sequence. 

8 . A plasmid according to Claim 7 chciracterised in that 
the DNA sequence of the brwching enzyme is fused in 

20 inverted direction to the regulatory sequence of 

other genes thereby the 3* -end of the coding sequence 
is fused to the 3 • -end of the promoter and the 5 ■ -end 
of the coding sequence is fused to the 5«-end of the 
termination signal that gives an anti-sense RNA in 

25 the plant produced by the branching enzyme. 

9. A plasmid according to Claims 7 or 8 characterised in 
that the regulatory sequences are promoters and 
termination signals of plant or viral genes. 

30 

10. A plasmid according to Claim 9 chsoracterised in that 
the promoter is a promoter of the 35s RNA of the 
cauliflower mosaic virus and the termination signal 
is the 3 '-end of the octopine-synthase-gene of the 

35 T-DNA of the Ti-plasmid pTiACHS. 
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11. A plasnld according t,o Claim 9 characterised In that 
the promoter Is a promoter of the class I patatln- 
gene B33. 

5 12. Plasttid P35 S-BE (DMS 6143) 

13. Plasmid P35 S-anti-BE (DSM 6144} 

14. Plasmid P33-Be (DSM 6145) 

10 

15. Plasmid P33-antl-Be (DSM 6146) 

16 . A plant that contains a sequence of at least one 
plasmid according to any one of Claims 1 to 15. 

15 

17. A plemt according to Claim 16 characterised in that 
the plants are commercially us^d plants such as 
maize, barley, wheat, rice, pea, soya bean, sugar 
cane, sugar beet, tomato, potato or tobacco. 

20 

18. Use of the plasmlds claimed In any one of claims 12 
to 15, for the production of transgenic plants In 
which the amylose/amylopectln ratio of the starch Is 
modified. 

25 

19. Use of the plasmlds according to Claim 18 
characterised in that the plants are commercially 
used plants. 

30 20. Use of the plasmlds according to Claim 19 

characterised in that the plants are maize, barley, 
wheat, rice, pea, soya bean, sugar cane, sugar beet, 
tomato, potato and tobacco. 
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